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I.  INTRODUCTION 

The  Buffalo  Electro-Chemical  Company,  Inc.  is  investigating  the  use  of  H»0« 
in  a long  life  primary  cell  under  a contract  with  the  Office  of  Naval  Research.  At  the 
outset  of  this  investigation,  it  was  decided  that  there  were  two  possible  cells  to 
be  considered.  The  first  would  utilize  the  oxygen  from  external  decomposition  of 
H^0*>  and  the  second  would  utilize  the  HaOa  directly. 

The  oxygen  electrode  characteristics  under  normal  conditions  of  tempera- 
ture and  pressure  were  well  known  and  the  oxygen  electrode  is  commercially  available 
in  the  National  Carhop  Co.  air  cells.  The  development  of  an  HaOa  electrode  on  the 
other  hand  has  never  been  accomplished.  The  theoretical  capacity  of  a cell 
utilizing  an  HaOa  electrode;  however,  is  such  that  an  attempt  to  develop  this 
electrode  was  desirable.  Such  a cell  would  utilize  the  heat  of  decomposition  of 
the  HaOa  directly;  whereas,  this  energy  would  bo  lost  in  a cell  utilizing  the 
oxygon  only.  In  this  case,  the  lost  energy  could  be  recovered  by  utilizing  the 
HaOa  decomposition  products  in  a turbine  prior  to  supplying  the  oxygen  portion 
■o  fnc  calls.  In  addition,  a cell  which  would  develop  power  with  reasonable 
efficiency  op  either  oxygen  or  air  would  be  suitable  for  a dual  operating  pro- 
pulsion system. 


"'ho  f rat  ohase  of  th 
enfi  of  the  oxygon  fro->  H-%  in. 

of  !'po  effect  of  olov'i Led 
M*n  on  {.);*»  porf of  this 


a work;  therefore,  consisted  of  a study  of  the 
a Notional  Carbon  air  cell  and,  in  parfcic'ilar,  a 
to-poraturo  sni  increased  electrolyte  concentra- 
cell.  It  is  this  phase  that  has  been  completed 


1 is  reported  b-'rejn. 

. The  .uv’  i cut  1 oeatle  rations 


r ■ i 


*en  uleeir >je  reaction  in  an  al?.'»l,ine  cell  is* 


.1.01. 
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In  an  acid  oxygen  cell,  it  would  be: 

Os  4 liH*  + Le~ ^ 2HsO  E*  = 1.229 

In  pnc^ice  these  reactions  are  never  obtained.  The  oxygen  actually 
j.v.r~.c  Hydroxide  and  porhydrcocyl  ions  according  to  the  reactions: 

In  ol. •■-aline:  C*  + TisO  + 2e~~ ■■  > OH*  HOs“"  E*  =”.0?6 

ij 

In  acid:  Oc  + 2H*"  + 2e  - Hj>Og  E*  = .682 

?n*»  f orhydroxyl  ion  then  deco-.posos  Earring'  Oil*  and  0*. 

Cornier ci a 1 air  «-  .ils,  consisting  of  porous  carbon  electrodes  combined 
t'-dlrc  zinc  electrodes,  arc  run  in  strongly  alkaline  electrolytes.  The 
in  "'••I -*xyrn  electrode  from  .682  to  ~.07^  volts  is  made  up 
fy  in  inernoe  in  the  potential  of  the  zinc  electrode  which  reacts  as  follows: 

T-  nlk-ainot  Zn  + 1,0H*  ZnC**  + 2Ha0  + 2e“  E*  = 1.216 

h,  .*nn:  Ixi  '"l*  Z'r"*’ * 2e*“  E*  = .763 


E*  = 1.216 


SCOPE  OF  iVJJtK 

\3  orij’in-jlly  set  up,  the  work  on  ox-'gen  cells  was  divided  into  two 


1.  Study  of  the  op-*  ration  of  National  Carbon  air  cells  with 
oxy-on  at  various  ! o-poratures  and  with  varying  electrolyte 
corrrn*  rations. 

2.  Invest!, ••’It  on  of  porous  metals  in  place  of  porous  carbon 
f or  ’'‘Ct'Crt  eject  ro -’eg. 

■pf-'rk  on  Per?  2 was  barely  started  before  the  Oa  electrode  Korn  was  dre 
r •'f  a -ore  xr.f ■••r.rtvc  investigation  of  the  possibilities  of  an  Hs0«  cell, 
porrus  — ** t :j2.  *-!>':*  r d -s  wen*  * nel.  Porous  stainless  stool  was  unnatia- 
*y  *f  **•»*  f -r-iUon  if  on  inert  and  insulating  oxide  film.  Porous 
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cop: ,k1  (in  U.e  form  of  tin  Cfiixte  bronze  material)  also  formed  an.  oxide  film,  but 
this  acted  as  a depolarizer  in  the  same  manner  as  a copper  oxide  depolarized  cell, 
locose  of  the  lorn  open  circuit  voltage  of  this  cell  (about  0.9  volts),  work  on 
tr,r*  copper  electrode  was  dropped.  One  preliminary  test  on  a porous  Nickel  electrode 
IrHcPed  that  this  "o+araol  was  satisfactory  in  hot  electrolyte  (test  was  run 
'♦ween  XlD  and  15-0*C)»  This  merely  conformed  the  work  of  others  with  Nickel 


Tne  talk  of  the  work  done  by  the  Hoff alo  Electro-Chemical  Company  on 
i.cvyn  _ollo  has  Veen  with  the  National  Carbon  CS&OO  air  cell  uloctrode.  Several 
were  r»r<'  ACr00  air  cp!  electrode  while  Ah  test  set  up  and 

»'.•  -f  procedure  wore  Veiny  developed.  About  this  time,  the  C0500  electrode 

•j  >ed  the  ACS  00  on  National  Carbon  air  colls  and  since  it  had  many  obvious 
, ; , ,.,t  ap'.oj  over  the  ACS  , tne  CISCO  was  used  for  all  further  work.  The  maximum 
, a m iru  •,£  o;  nr  or.  ton  and,  refer  ft,  the  maxurnm  electrolyte  concentrato  on 
. j-  1 .•:♦  it*.j  Vy  * .holt  resect  once  of  the  porous  carbon  electrode  in  the 
‘ . ' -pio-tly. 

r •„  c:,si,d,::i.N  ov  n air  cell 

?,.n  CG?I>-1  elect- role  nsru-bly  consisted  of  a plastic  holder  containing 


*1  backed 


ir>  on  pi* ♦os  of  apprxinntely  2S  sq.in.  area  oet  neon  two 


AA^r,.  , * , t . plates  I ur.i  II,  with  a 3/8”  space  bet .<* 


ir  of 


<>  i 


^•i-n 


a.  \ r r no • ■ -re:  ;rovidci  between  the  carbon  plates  to  allow 
■ipplyir. wc.yyr,  to  the  electrode.  Tr,<*  -dectr oly’v  u.ced  in  our 


;*r;~  -.**•  .-.io  !,  -i‘  iVw  f N' I:i,  The  cell  ns  supplied  by  National  Car  -on  Co.  used 
’'dor  jrpi  ;rl“  or  t by  '»***;’*'*  i’c  freezing  p eint  is  lower  ‘Van  thaf  -of  !.h  li. 

Ir.  r ’“r  * ?/  ‘are  «.*;•  :or*de  assr-bly  for  oxygon  sjipiied  it. !*.*r  a 

- -re -a  :-»•»  - r -lv-  -•/  u,  .r'-  j seal  off  *h«  e -r*  on.  r d--n  from 


5 T HICT 


D 
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air.  Pure  oxygen  at  1 psig  was  then  supplied,  from  an  HaOa  generator  or  an  Oa 
tattle  to  the  cell.  This  insured  a slight  excess  of  oxygen  in  roost-  cases.  A 
v/v;  drilled  In  one  sine  plate  to  allow  for  the  introduction  of  a thin 
a.L nc  strip  as  a reference  electrode. 

7.  VOLTAGE  CIRCUIT 

The  primary  -wasuring  instrument  in  the  circuit  for  voltage  measure- 
~rv:,  figure  1,  was  a.  Fischer  Titi - teter  available  from  previous  work.  This  was 
ally  a veenur  tuba  voltmeter  hiving  a range  of  0 to  1.0  volts  and  cali- 
►■rifiri  in  .01  '/">]*■  t<i.  In  order  to  extend  the  range  of  the  meter,  a series 

•f  ; -of  f ageo  ,v  «o  i'lnsnd  off  ‘,vo  diy  cells  and  used  to  oppose  the  measured  volt- 
*<?  this  r-idjcing  it  to  less  than  1 volt.  The  following  potential  measurements 


• *»(< 


>.L-k  ji  "UiJiji  /n  ih  t hit  t .•  •t  u«t  up: 

1.  Pofurencc  sine  v..  oxygen  electrode. 

2.  £>11  sine  vs.  ocygeri  electrode 
J.  inf ?rnivr»  amt  vs,  cull  sine. 

Inl-P'roi*  on  w'-hu-^^ent  on  the  dry  cells. 

» ::.t  ’'fas  t-lt;;':  tn  lull  ld tpi i:g  circuit 
The*  c'^rerd  ws  -'•'•ac.irei  Ky  a 5*0  •"■v  rilliareter  fitted  ’with 
* • fr  .i  'A3  arpurc'  Figur*  2.  The  first  fcr.reo  rv.goj  could  bo 

* •<mni  frm  i or  rrvrlAch,  hit  the  ICO  ampere  shunt  had  tr  be  connected 


'iro-tly  to  the  c<nl. 

The  .r>>H  wts  lark'd  with  a series  of  thru  variable  resistors, 

' . ' f.  ,1’  yh~c) . A i o iM  f>  r 3 »*  J-  iM»*  throw  switch  was  used  to  connect 

**  •*  r »ilnt  t*  ir  •ft'T  x,ori-'*s  ->r  -inllal.  Th"  *hro«  re-idt  ort  irury  i^ri  m 
T.  * for  1 •yw  * -r*  ■ I*  i4n  (ur  ‘ ' * »~-Qres) . For  hi  -h  c irrent  1 -vjp  0 to 


— * no 


r 


rt*  f*  *>  **,**  r.  ^ ^ 1 J *»  , . v* 

■*  - ■ •**  AH*  «. 


if," 
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ctner  0.5  ohm  resistor  was  connected  in  parallel  with  them.  The  latter  resistor 
could  be  used  for  fine  adjustment  of  the  load. 

771.  TEST  rROCSDTOE  AliD  RESULTS 

The  cell  consisting  of  the  electrode  assembly  and  approximately  I4  liters 
of  electrolyte  in  a h-liter  beaker  was  placed  on  an  electric  hot  plate.  A stirrer 
was  used  to  insure  uniform  temperature  and  electrolyte  distribution.  Readings 
wore  taken  as  the  cell  was  heating  up  and  as  xt  cooled  down. 


The  following  iat  were  obtained* 

1.  Open  circuit  voltage  of  the  cell. 

2.  Open  circuit  voltage  of  reference  vs.  oxygen  electrode. 

3.  Current  drawn  from  the  cell. 

h.  Coll  7/inc  vs.  oxygen  voltage  (cell  voltage)  for  these  currents. 
5.  Reference  sine  vs.  oxygen  voltage  (reference  voltage)  for 
these  currents.. 


Terp  ora  turn  of  the  cell. 

preliminary  tests  were  run  at  constant  temperature,  and  plots  of  cell 
an  l reference  voltage  vs.  current  were  prepared.  Above  about  h amperes,  these 
plots  tn.ru  strai  ;ht  linos. 


Further  t*mtc  wore  run  at  3 current  levels  (6>  13,  and  15  or.  ores),  and 
>f  rofrrencn  voltage  vc  * o-porature  at  those  levels  were  prepared,  Figures 
>,  3,  10,  and  12.  prv-  the  so  curves,,  a series  of  lines  of  reference  voltage  vs. 
urrrnl  for  different  temperatures  wore  prepared,  Figures  5,  7,  11  and  13. 

These  tests  were  repeated  using  six  different  concentrations  of  KaOH 

• dM.-frolyte,  20 j 30,  l.1  r0,  '"O,  mi  70  per  cent  by  weight,  and  curves  of  RaOH 

• n***nf rati *n  vs.  \-A vtgn  t lc,  myorns  loading  were  prepared  f*r  cell 

• »«'~..ra*urc*3  ; , , , . ‘ \ v '0*c  ?!  -jr * I.\.  Coll  v*  vr-riolion 
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with  ffaOH  concentration  at  temperatures  to  °0*C  were  also  plotted,  Figure  1 $. 


7 in.  oPERvnfp  LiriT ATI o;;s  o?  cell 

During  preliminary  operation  at  10Q*C,  the  plastic  binder  m the  carbon 
electrode  softened  ard  tended  to  pull  away  from  the  metal  backing.  Cell  operation 
was,  therefore,  liritud  to  W*C  for  the  hulk  of  fcho  testing. 

In  addition,  high  temperature  operation  with  lower  strength  electrolytes 
affected  the  reproducibility  of  the  data.  This  was  probably  the  result  of  penetra- 
‘ i in  of  the  Iv.ver  strength  eloctrol/L?  into  the  carbon  electrode  due  to  destruction 
of  f'ho  elect r-'  ''-Ping  Operation  t temperatures  rp  d 8$*C  was  possible 

20,  30,  and  L0  pur  emt  h'vOH  electrolytes,  but  the  affect  of  the  electrolytes 
*-n  '■••o  electrode  r+  *hoso  ' error.-.*  ures  "a do  the  results  questionable.  Therefore, 
‘--'a  on  those  3 lower  strength  electrolytes  were  rerun  several  times  and  the  cell 
fc.-rp  >ratur<  wna  limi  ted  to  °£*C. 

The  results  with  70  per  cent  N’aOH  also  were  not  reproducible.  This  was 
i .u  to  the  high  rilling  point  of  thin  electrolyte  (about  6$*C).  Although  the  cells 
.V'jr<!  nn.vtod  by  a hat  pl.ite  to  keep  the  electrolyte  molten,  the  Oa  was  supplied 
d<  met  ly  from  a cylinder  at  roo"  jenporature  and  apparently  caused  freezing  of  the 
'*1  cent  t! nQM  nloctr‘»lr*o  on  the  -lcc-:roc!n  surface.  Readings  were,  therefore, 

; h -t  ■ >-*  discarded. 


The  “ori-,un  current  ‘h**  c*nld  be  drawn  from  the  cell  wan,  of  no .ime, 
:*>p«hdent  on  the  in’-rnal  rroln*: 'ir.ee  of  the  cell,  polarization  of  the  electrodes, 
'r.i  ~uni,r!-'  o'cfArv'I  load  thi4,  could  be  applied.  The  >—».xi*7in  current  drawn  was 
o — v,r,-r. » *,->•:*  of  *> , 10,  and  1$  i-pcres  were  chosen  '■nc.'uiso  they 

• ,,  ? ;«*  = ■>>. niv»i  w. *.h  'll  *he  l‘’t‘rolytes  used  ovtfr  the  tn-pperot^ro  range 
*•*  •:  I ( i » ’*a  a • ‘ ? w»s  *>•  * - r1-'*',!. c>j  ‘be  irj‘ ernil  cell  mV  •»*  v.?**  v«*  » r,v*ii  e.ij 
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The  results  of  identical  tests  run  with  different  electrodes  indicated 
slight  variations  between  these  electrodes;  therefore,  an  entire  series  of  tests 
was  carefully  performed,  on  one  CG^OO  electrode.  The  results  of  this  series,  as 
outlined  and  discussed  herein^  should  be  interpreted  as  indicating  the  general 
effects  of  temperature  and  concentration  of  the  electrolyte  on  the  CG!?00  oxygen 
electrode. 

T X , DlSChSSIO:,  OF  RESULTS 

From  the  first  sets  of  preliminary  tests,  it  was  obvious  that  operation 
a!  high  tfi’-r-'  r 'pe r’-ir  to  ro--  .-yoerature  opera.'1  i v.  Therefore,  our 

effort  3 were  concentrated  on  obtaining  good  data  at  as  high  a temperature  as  the 
GG:C0  could  feasibly  operate.  The  data  at  low  temperatures  were,  therefore, 
rvhor  sketchy.  The  curves  for  liO,  >0,  and  60*C  on  Figure  lu  are  shown  as  dashed 
lines  to  indicate  that  the  results  are  more  of  a qualitative  nature. 

From  Figures  1,  8,  10  and  12,-  ore  can  see  that  in  all  cases,  raising 

t.hn  temperature  increases  the  reference  voltago  of  the  cell.  This  is  due  to  a 
decrease  in  polarization  of  the  Oa  electrode.  There  is,  also,  a decrease  in 
internal  resistance  of  the  coll  as  the  temperature  is  raised  which  makes  the 
improvement  in  cell  voltage  even  more  marked  than  the  improvement  in  reference 
volt’jc.  It  can  .1,33  co  seen  in  Figure::  Qf  io  and  12  that  the  rate  of 

cha  i,o  of  reference  voltago  with  temperature  decreases  at  higher  temperatures 
f:-r  t given  strength  electrolyte  and  the  rate  of  change  of  reference  voltage  over 
a "iven  terporature  ran  re  is  grantor  for  stronger  electrolytes. 

Figure  lu  illustrates  the  effect  of  concentration  and  temperature  of 
electrolyte  on  reference  voltage  for  a given  load  on  the  cell.  At  room  tempera- 
4 iro.  m Volar  NaGH  (Z%)  was  the  most  suitable  electrolyte.  The  polarization  of 
*■«  cell  was  less  and  *'•*«  conductivity  was  greater  than  that  for  any  higher 
«*rrn,'lH  electrolyte,  is  *ha  tfiry«rn*ure  was  increased,  the  high  strength 
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.ec’-rolyies  ? ’ vr  ■ -'1  y or* 11  ' about  70 *C  there  s little  difference 

•4  "7'  '■  r ' '~i'  It  ^0*C,  the  60£  hTaT'  electrolyte  cave  the  highest 


•*r.v  -'f  ?i'r?  electrcl'-tes  tested. and  the  curves  indicated  that 


. vn  M ghir  c cror,  -oh.  .iectrolyios  ~d,;ht  to  rn  irrrovsrent.  This  vras  confined,  to 
•rc*.ent>  hy  bno  br! ». f tes+o  on  hOf'  although  reproducible  results  could 

r.j'r  t«a  ott'lned  for  ronoono  discussed  aKove. 

In  this  sort'  s of  tests,  the  cell  voltage  decreased  vrith  increased 
h';’I  concentration  for  l£  nrrores  load  at  all  temperatures,  Figure  l£.  Hovmver, 

* ul-*v.  of  those  r irvoc  reduced  as  the  temperature  increased,  indicating  that 
♦he  uioctrolvtc  coni  io*'i v i by  increased  vrith  temperature  at  a greater  rate  ns  the 
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ucort '•o*  lor;  increased.  The  internal  cell  resistance  vns  cr>  great 


• r,  tV't  the  a r. cruised  cor.d  ic’  ivity  and  the  reduced  polarization  of  the 
i ‘rod's  .tore  •'‘r.cuff  i ri  ■r.z  to  roico  the  coll  voltage  for  60£  NaOH  at  rtO*C  above 
.*  *•  for  2T’  O'*  1 v."  o'— e ♦ *ure  despite  the  fact  that  in  the  case  of 

, f ^ T*rvV*‘Vr»0  V/"TO  t,  f*1  i C • 


;l  'in  s 


il»  oh  Oh  . ! *h  J : 

r,,».  ,.r-*.,rQ  -,j nrot ; on  reduced  both  polarisation  end  internal 


• * r c t* 


'*•-1  uMlising  an  oxygen  electrode. 


v"  *•  ■ d l / •rtr*’**'d  “loot rolv4  e '•Iso  re  tuned  r olnriza- 
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: ; * 1' 


'.roly to  concentration  lor  *"inirun 


.rS’-rt,  j.  r i’.‘  fr. : of  * ,v*  coll  for  a given  operating  temperature. 


U I ‘ v-  • 


•.ot  use  of  concentrated  electrolyte  and 


r*!i'ro  : e%  ms  Jit  in  increased  capacity  of  * he  oxygon 
f r ;ch  xr.cr---.30  on  a ; r optical  cell  will  ‘r’ri  do- undent  on 
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,v.ric  reported  elncwi  ore  by  the  National  Carbon  Co.  res  .Iced  i”  a . r iar 
VrM-r foetal  effect  on  an  oxygen  electrode  when  pressure  is  increased,  morex'oi.-, 
r *■  *'<3,  high  pressure  cell  night  be  constructed  which  would  v ve  high 
<•  Ity.  - ice  a coll  using  oxygen  fro*’  the  decomposition  of  cot Hinod,  with  a 

oni.no  operating  on  the  heat  of  decomposition  of  the  H»0?  should  ;~Leld  a very 

r 

l '■  -Irion  .oyster..  The  cell  could  also  be  operated  on  air  when  air  is 

nl  ftV].  e t 


!,8T  »t  TOTED 


r 


• «*  IN 


««  IN 


MSi  Lrij  A.G.X 

i I , 


reference:  volts 


>»: 


t*0+*9A  > 

• -t  **.**»» 


REFERENCE  VOLTS 


REFERENCE  VOLTS 


f-  £U  C f ’<  T MAC  H 


VO  L 


l i r 

1 


u | 

^ i p 

< I 


UJ 

U 


-*i 


: •*..-  -i 

1 ■'  i 

- ~ 1 

* * i 

; 

- i 

r • - - • • ’ 

i-  ■ . ■ . . 

\ "T  i ■ ' ■'  ' 

C ELL  ' V 0 L T A’  G E 

..  . v.s.  1 ■ 

; , , -/•*  M A 0 H AT  | 15  AM  PS 

A ML  AT  I jG  M AL-  C A-R-B  XlM-  . 

t 

1 ! 
: 

i 

* I 

i * 

- * 

1 r- 

i-  * | 

CG  .5QG  E L E C .T.  R G .0  E 1 

‘ ‘ : Wi  TIM  ' 0*  ~ F l ElD  AT  , IPS  16 

1 ■ . * V | i 

, • 1 
1 * 
] 

■ • 1 

J 

■ * 

1 t 

i 

■:*F 

! 

i 

t - ' H 

l . . 1 

1 

• ■ ‘ 1 

• * - 

: •*  : -l 

- - ' - | 
^ f 1 

♦ - r - * 4 . 

! - j 

--  - 

, 4 - - - - \ 

i . 

' «4  - 1 | 

i 

!■  ' • - 1 
1 

. . 

\ 

- 

j ■ ' - * 

T 

* - » i 

j 

-l 

temper /(tur t : ci 

1 : ’ ' i 
! • ■ • * 

K i 

i sv  ■ ; 

GtuL:. 

i - : l j 

i 

! * . -'  T-  *■] 

i . . - , 

■ • K 

1 . 

! 

; 1 ' 
i - • 

| * 

i 

* *-  «, 

1 

* i 

- . ' ’ 1 

Ts 


- — N , 


\ 


Q 

» 

r 

4 


3 


\ 


-y jc - 


' I 


\ 


s 


N 


V 


y 


s 


\ 


;o 


,,  j. 

. "a 


ULY 


t 

X 

D 

'3 


30* 
70’ 
fc  O' 
5o’ 

40* 


,;r 


5 


^ .r 

3 


f >■  p : e 


FIGURE 


S 


A L H 


* 


